INTRODUCTION
Trifluoromethanesulphonic acid was synthesized for the first time by Haszeldine Trifluoromethanesulphonic acid has often been claimed to be the strongest of Bränsted acids known (Ref. 1 and 4) . However, this includes some uncertainty because there is no unique order of acidities of strong Brönsted acids independent of solvent media. For example, the following order of acid strengths has been reported on the basis of conductometric studies: CF3 503 H > HC1O4 > HBr > HI > FSO3 H > H2 504 > HC1 in acetic acid (Ref. 5 ), and FSO3 H> C1SO3 H CF3 SO3H HC104 in sulphuric acid (Ref. 6 ). In practice, trifluoromethanesuiphonic acid and its conjugate base, trifluoromethanesuiphonate anion, have some advantages in comparison with other strong acids. The acid and its anion show remarkable resistance to thermal decomposition and hydrolysis (Ref. 1, 7 and 8) . The stability of the trifluoromethanesuiphonate anion is also shown by the fact that it is a facile leaving group in solvolytic displacement reactions (Ref. : methyl trifluoromethanesulphonate undergoes acetolysis iO times as rapidly as methyl p-toluenesulphonate (Ref. 9) . Moreover, trifluoromethanesulphonic acid is a particularly well-suited solvent to the study of strong oxidation reactions (Ref. 3) , and its anion is a very weakly coordinating ligand in aqueous solutions (Ref. 12) . Trifluoromethanesuiphonate anion can be an excellent alternative to C1O4 , BF PF6 and so on, because of its stability and nonoxidizing nature (Ref. [13] [14] [15] [16] . Consequently extensive studies on trifluoromethanesulphonic acid and its derivatives have been performed in the last two decades, especially in organic chemistry, and they have recently been reviewed comprehensively by Howells and McCown (Ref. 2) .
This communication reviews electrochemical characteristics of trifluoromethanesulphonic acid and its salts in nonaqueous solvents.
DISSOCIATION EQUILIBRIA
Dissociation of acid in dipolar aprotic solvents Trifluoromethanesulphonic acid itself is stable to at least 350°C, and its aqueous solution is stable to at least 275°C (Ref. 7) . In addition to being mixed with water in any proportions, the acid is soluble in many dipolar aprotic solvents such as dimethyl sulphoxide (DMSO), N, N-dimethylacetoamide (DMA), N, N-dimethylformamide (DMF), propylene carbonate (PC), actonitrile (AN), suipholane and so on. It is also soluble in alcohols, ethers, esters, and ketones, but 
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COMMISSION ON ELECTROANALYTICAL CHEMISTRY these are not inert solvents, because further reaction often occurs, particularly on heating. This section describes the dissociation behaviour of trifluoromethanesuiphonic acid in dipolar aprotic solvents and compares it with that of other strong acids.
The dissociation constants of trifluoromethanesulphonic acid have been evaluated in many aprotic solvents and are given in Table 1 together with values for other suiphonic acids. These values were determined mainly by conductometry. As shown in Table 1 , all these acids (perchioric, trifluoromethanesuiphonic, fluorosulphuric, p-toluenesulphonic, and methanesuiphonic acids) are strong acids in DMSO, DMA, and DMF, which are rather basic in nature. In less basic solvents such as BuN, PC, sulpholane, and AN, trifluoromethanesuiphonic and perchloric acids still behave as strong acids, while other sulphonic acids are weak acids. Especially in PC and AN, p-toluenesulphonate and methanesuiphonate anions homoconjugate with the corresponding undissociated acids (Ref. 17, 23, 24 and 28) . The conduc- alkylammonium (Et4 N and Bu4 N) ions. In DMF, these trifluoromethanesulphonates and perchiorates are completely dissociated, while p-toluenesulphonates and methanesulphonates are not: their dissociation constants being of the order of 10-1 to l0 mol dm3. In AN, both trifluoromethanesulphonates and perchiorates are associated to some extent, and the extent of association is larger, especially for divalent cations, for the former than for the latter. Ion association constants in AN are presented in Table 2 , which shows the fact that the ion association tendency of tnfluoromethanesulphonate anion toward monovalent cations is almost as weak as those of perchlorate, tetrafluoroborate, hexafluorophosphate, and tetraphenylborate anions. Limiting molar conductivities of some sulphonate ions are shown in Table 3 . CH3 C6 H4 SO3H > CH3 SO3H for acids and also for their sodium salts. On the other hand, the following order is obtained for tetraalkylammonium salts: Et4NCH3 SO3 Et4NCF3 SO3 > Et4NCH3 C6H4 SO3 > Et4NC1O4, and Bu4NCH3 SO3 > Bu4NCH3 C6H4 SO3 Bu4NCF3 SO3 > Bu4NC1O4. The order thus obtained may be considered to reflect the relative strength as acid or salt in this medium, and approximate dissociation constants are estimated. Dissociation constants of acids are also determined by potentiometry with chloranil -calomel and glass -calomel electrode pairs using p-toluenesulphonic acid as standard. Dissociation constants of acids and salts are summarized in Table 4 . Obviously trifluoromethanesulphonic acid is as strong as perchioric acid in acetic acid, while fluorosulphuric, p-toluenesulphonic, and methanesulphonic acids are much weaker acids. The dissociation behavior of sodium and tetraalkylammonium salts is very different from that of acids, as presented in Table 4 . For example, the dissociation constant of perchloric acid is iO times as large as that of methanesulphonic acid, while the dissociation constant of NaC1O4 is only 10 times that of NaCH3 SO3, and Et4NC1O4 and Bu4NC1O4 are slightly weaker than the corresponding methanesulphonates. The salts have excellent solubiities in non-aqueous solvents and dissociate to give solutions of very high electrolytic conductivities, which are both comparable to those of perchlorates and tetrafluoroborates. The solubilities and electrolytic conductivities of some sulphonates, perchlorates, and tetrafluoroborates are presented in Table 5 . The limiting anodic and cathodic potentials for trifluoromethanesulphonate solutions are essentially the same as those for perchlorates and tetrafluoroborates as shown in Table 6 . In another study, the specific adsorption of trifluoromethanesulphonate anion on mercury was found to be quite similar in aqueous solutions to those of perchiorate and nitrate anions (Ref. 67). In this regard, it has also been shown (Ref. 36) that the potential -drop time curve for trifluoromethanesulphonate solutions is identical in DMF and AN to that for perchlorate, while the potentials of the electrocapillary maxima in p-toluenesulphonate and methanesulphonate solutions are more negative than in perchlorate.
Polarographic reductions of alkali, alkaline earth, and some transition metal (II) ions have been investigated (Ref. 36 and 37) in DMF and AN, using tetraalkylammonium trifluoromethanesulphonates, p-toluenesulphonates, and methanesulphonates as supporting electrolytes. In p-toluenesulphonate and methanesulphonate supporting electrolytes, the half-wave potentials of these metal ions are more negative than in perchlorate media, especially in AN. Trifluoromethanesulphonate supporting electrolytes behave similarly to perchlorates in DMF, while the half-wave potentials of lithium and divalent metal ions in AN are slightly more negative (20 to 30 mV) in trifluoromethanesulphonates than in perchiorates. Both p-toluenesulphonates and methanesuiphonates are largely associated in DMF and AN. In AN, the trifluoromethanesulphonates of lithium and divalent metals are more associated than perchiorates, though all are completely dissociated in DMF. These shifts of the half-wave potentials can be explained quantitatively in terms of ion-pair formation between the metal ion to be reduced and the supporting electrolyte anion.
There is another polarographic study (Ref. 40) on trifluoromethanesuiphonates of some rare earth metals in DMSO and PC. The halfwave potentials are found to be only slightly more negative than those of perchlorates. The polarographic reductions of the trifli,ioromethanesulphonates of Pb(II), Cd(II), and TI(I) ions have also been studied in anhydrous binary solvents of DMSO -PC by the same authors (Ref. 39).
In conclusion, trifluoromethanesulphonate anion is obviously much more advantageous than other anions in electrochemical applications, taking into account the remarkable resistance to thermal decomposition and hydrolysis, the oxidative and reductive stability, the sufficiently weak nucleophilicity, and the simple preparation, purification, and dehydration, of trifluoromethanesulphonates. The anhydrous trifluoromethanesulphonates of potassium, zinc, barium, and cadmium have been successfully used in the study on solvation of ions (Ref. 38 and 78). Trifluoromethanesulphonate anion was found to be a stronger hydrogen-bond acceptor than perchiorate, a much weaker acceptor than chloride, and a slightly weaker acceptor than chlorate, based on the small, usually endothermic, enthalpies of transfer of this anion from water to non-aqueous solvents.
Finally, the monohydrate of trifluoromethanesulphonic acid (hydromum trifluoromethanesulphonate) has been studied as a new electrolyte for hydrocarbon-air fuel cells, and proved to be a more effective electrolyte than 85% phosphoric acid (Ref. 79). The electrochemical oxidation of propane on smooth platinum at 135°C was enhanced by a factor of 15 in trifluoromethanesulphonic acid monohydrate. At a 20°C lower temperature, the oxidation of hydrOgen in the acid monohydrate was also 6 times as rapid as that in 85% phosphoric acid at 135°C. These higher oxidation rates would be explained due to lower tendencies of tnfluoromethanesulphonate anion adsorption on platinum; more active sites could be available for reaction in the acid monohydrate. Recently, the practical properties of trifluoromethanesulphonic acid monohydrate as a fuel cell electrolyte have been studied in detail (Ref. 89). 
